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TITLE: Semiconductor device having a 

ferroelectric capacitor 

and a fabrication process thereof 

KWIC 

A semiconductor device having a ferroelectric capacitor 
is formed by the 

steps of forming a lower electrode on a substrate, applying 
a rapid thermal 

annealing process to the lower electrode, depositing, after 
the step of rapid 

thermal annealing process, a ferroelectric film on the 
lower electrode, 

crystallizing the ferroelectric film by applying a thermal 
annealing process to 

the ferroelectric film, and forming an upper electrode on 
the ferroelectric 
insulation film. 

Further, there is provided an adhesion layer 17 having a 
Ti/TiN structure on 

the interlayer insulation film 15 so as to cover the 
exposed part: of the plug 

16, and a lower electrode 18 of Pt is formed on the 
foregoing adhesion layer 

17. The lower electrode 18 is covered by a ferroelectric 
capacitor insulation 

film 19 of PZT or PLZT, and an upper electrode of Pt is 
formed on the 

ferroelectric capacitor insulation film 19. 

Unfortunately, the foregoing approach to convert the 
lower electrode 18 once 

into amorphous phase and then to cause a crystallization by 
an RTA process is ' " 

ineffective for achieving a satisfactory degree of 
crystallization in the lower 

electrode 18, and no desirable crystal orientation is 
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obtained in the 

ferroelectric rcapa lit or insulation film 19. Further, when 
a hign- temperature 

tnermal annealing process is applied to the lower electrode 
13 in a furnace, 

triere is a tendency that the hillock phenomenon is induced 
in the Lower 

e..e::t.rode 18, wherein such a hillock caused in the lower 
e'.ect rode 18 decreases 

trie yield of the semiconductor device. 

Iti the formation of the ferroelectric capacitor as noted 
above, it is very 

important to crystallize the ferroelectric capacitor 
ins r lat i on film 19 by 

c on i.icz ing a crystallization process. Further, it is als:> 
v-:.:y important to 

or.'::rol th~ prices s of forming the upper electrode 20. 
Wit .tout such a 

crystallization p'rocess, no desirable property is obtained 
fur the 

f e r rr oe 1 ec t r i c capa c i t o r . 

Conventionally, such a ferroelectric capacitor is formed 
first by forming 

the adhesion layer 17 of the Ti/TiN structure and then the 
K wer electrode 18 

ox ?t by a sputtering process conducted on the interlayer 
ins'ilation film 15 in 

a reducing or inert atmosphere. Next, the ferroelectric 
capa :it -«r ir.su lat i ">n 

f_im 19 of FZT is formed on the lower electrode 18 oy a 
sput t.er :.ng pooess. By 

reining trie lower ^ie ret rode 18 in a reducing atmospnere or 
int.?.:: i a tnosphere , 

the problem of oxidation of the lower electrode 18 and 
associated problem of 

increase of the resistance are successfully avoided. 

tlext, the ferroelectric capacitor insulation film 19 is 
subjected to a 

thermal annealing process in an oxidizing atmosphere at a 
temperature cf 

typically 700-800 . degree . C, and the ferroelectric 
capacitor insulation film 

19 thus formed undergoes a crystallization . Thereby, it 
has been practiced to 
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conduct the crystallization process in an oxidizing 
atmosphere so that the 

formation of oxygen defects in the ferroelectric capacitor 
ir.sulat ion film 1 

caused as a result of diffusion of oxygen atoms fr:>m the 
f e rroelec t ric 

,j.;pa.::t^: in- elation film 19 to the Lower electrode 18, is 

5 •■-.-,=. C ^ f 1 ] W 

comper.sat.eo for. As a result of the crystallization, the 
ferroelectric 

capacitor insulation film 19 snows a preferable hysteresis 
as represented in 

FIG. 2, with a spontaneous polarization 2Pr. 

crystallizing said ferroelectric film by applying a 
t j . e r ma i a n n e a 1 i n g 

process to said ferroelectric film; and 

crystallizing said ferroelectric film by applying a 
thermal annealing 

process to said f e r r-: e lectri z film; and 

According to the present invention, Ti migrates from an 
acnes i on 1. a ye r 

formed underneath said lower electrode t. :> the surface 
thereof in the form cf 

Tit', sub. x as a result of the rapid thermal annealing 
process applied to the 

lower electrode. Thereby, TiO.sub.x thus migrated 
functions as nuclei of 

crystal growth and the ferroelectric crystals of the 
ferroelectric film, which 

may eitner of ?ZT, ?LZT, BST or 3BT, deposited on the lower 
electrode grows 

generally in tne * 1. 1 ; 1 1 1 Sgt ; direction. Because of the 
■Sit; 11 l&at; orientation 

of the ferro-electric film, the spontaneous polariza:ion is 
of the ferroelectric 

film is maximized. By conducting the thermal annealing 

: : r: ?e? = o*' the 1 rver 

electrode only for a snort time in the form of FT A, the 
oxidation of the Lower 

electrode is avoided successfully. Further, the formation 

of unwanted hillock 

is avoided successfully. 

FIG. 10 is a diagram showing a temperature control 
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program used for 

crystallizing the ferroelectric capacitor of the third 
embodiment ; 

Referring to FIG . 3A, a SiO.sub.2 film 32 is formed on a 

i -uiostrace 31 by 
a thermal cxidatir-n process with a thickness cf 200 r.m, for 
example, and a 

lower electrode 3 3 of Pt is formed on the SiO.sub.2 film 32 
by a D.C. 

sputtering process conducted at a room temperature, with an 
amines ion layer ?3A 

of Ti interposed ret ween the SiO.sub.2 film 32 and the 
1 >j we r e le zt r ode 2- 3 . 

Nor 1 : specifically, the T i adhesion Layer 3 3A is formed 
in an Ar itmospmei e 

uncer the pressure of 10 mTorr with a thickness of about 20 
r.m hs represented 

in TABLE I below. Further, the lower electrode 3 3 is 
formed under the same 

condition with a thickness of about 100 r.m. The deposition 
of the Ti film 33A 

ant; the 1 : we r electrode 33 is condustec by set ting tne D.C. 

P 1 asma p' owe r to 1 
kW, wnerein the aeposition of the Ti film 3 3A is conducted 
for the dura t i or. «■; f 

10 seconds while the deposition of the lower electrode 33 
i ::on ducted for t he 
ou r it i or. : f 1 0 seconds . 

In tne present embodiment, it is believed that the 
tr.ermal anneal ing pro tess 

applies t: the lower electrode 3 3 induces a migration of Ti 

at orris from the 

:n:ierlyirg adhesion Layer : 3A to the top surface of tne 
lower electrode 3: and 

the Ti atoms thus migrated form TiO.sub.x on tne top 

furfa-e of the lower 

electrode 3 3, wherein TiO.sub.x :hu= formed acts as tne 
n-::lei for tne growth 

of the PLZT crystal grains in the <lll> direction. 
About the Sit ; 111 -<gt; 

growth of F'LZT crystals from the TiO.sub.x nuclei, 
reference should be made to 

Muralt, P., et al., J. Appl . Phys. vol. S3, No. 7, 

pp . 3 63 3> -3641 . 
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In the step of FIG . 6D, it should be noted that the 
conductive film 63 thus 

deposited is further subjected to a rapid thermal annealing 
process in an Ar 

atmosphere at tne temperature of about 650. degree. C. for 
1-6; seconds. As a 

re?jl: of tne P.TA prooess thus applied to the torid i ot i ve 
film tne Ti atoms 

cause a migration from the underlying Ti adhesion Layer to 

the top our fate of 

the conductor film 63, and there are formed TiO.sub.x 
nuclei on the top surface 
of tne conductive film 63. 

Xor-E m detail, it. is believed tnat such a depression in 
tne lower electrode 

3 3 is formed as a result of c on sent rat i on stre.EE to the 
gr.-i.n boundary in the 

lower electrode ?3. When the RTA process is applied to tne 
1 ower electrode 33, 

the Ti atoms cause a migration from tne underlying adhesion 
1 3 ye r t o t he top 

= .itaoe of tne electrode 33 to term tne TiO.sub.x compound 
as -Explained before, 

wherein the migration of the Ti atoms occurs predominantly 
along such grain 

boundaries and there occurs a segregation of the Ti atoms 
to the grain boundary 

in the lower electrode 33. Due to the growth of the PLZT 
o ry Eta 1 s st art i n q 

from such grain boundaries of the lower electrode 3 3, the 
lower electrode 33 

experiences a concentration of stress in such grain 
boundar i es . 

Referring to FIG . 9A, a Sit', sub. 2 film 132 is formed on 
a SI substrate 131 

v.ith a thickness of about 200 nm i:y a thermal oxidation 
process, and a lower 

electrode 13 3 is formed on the SiO.sub.2 film 132 by- 
stacking a Ti film and a 

Ft film consecutively under a condition of TABLE VII. 

FIG. 11 shows the fatigue of the f erroelectric capacitor 
130 thus obtained 

in comparison with the fatigue cf a conventional 
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ferroelectric capacitor, 

wnerein the conventional ferroelectric capacitor 
represented in FIG. 11 is 

formed by crystallizing the PLZT film 134 in an oxidizing 
a: riDs one re and by 

farming the upper electrode 13!> by a sputtering conducted 
in an Ar atmosp.nere . 

Referring to FIG. 20, the high-dielectric capacitor 130 
is formed on a Si 

substrate 181 covered by an adhesion layer 182 of Ti and a 

d i 1 fusion ba rr i e r 

liyer 1:3 o f Ti.: 1 ], and includes a lower electrode 184 of Ru, 
a B3T film 135 

formed on the lower electrode 184, and an upper electrode 
1 A ot rt forme :1 an 
tne E--3T ti In 1 3 :> . 

The h i.qh-die l.e ctric capacitor of the present invention 
has a construction 

similar to- the h igh-die Lectric capacitor of FIG. 20 except 
that the Ti adhesion 

layer and the TiN diffusion barrier layer 133 are 

re o 1 ace ;1 oy -i s in jle Ta 

f:lm ami that a l : t electrode is used in place of the Ku 
l-A-er electrode 134 and 

it f aori oatod a cc crding to the process of FIG. 28 which is 
similar + - :• the 

process of FIG. 2 1. Tnas, in the description hereinafter, 
this* parts of the 

n_ gh- dielectric eapacitcr corresponding to the parts 
described previously are 

dos i .mat t-d by t : i *o same reference numerals and the 
description thereof will be 
omit ted . 

Mere specifically, the fabrication process starts with 
tne step 21 of FIG. 

3'1 correspon dinq to the step 1 of FIG. 21 in which the Ti 
a. ire si or. l^y-r >>2, 

tne TiU dil f .;sn;n barrier layer 18 3 and the lower electrode 
1 .-!4 of Rn a i - 

deposited consecutively on the Si substrate 181 by a D.C. 
sputtering process 

under a subs: rate temperature cf 300. degree. C., 
respectively with the 

thicknesses of 20 nm, 50 nm and 500 nm. Further, in the 



05/02/2003, EAST Version: 1.03.0002 




::tep 33 corresponding 

:o the step 3 :f FIG. 21, the BST film 185 is formed Dn the 
.ower electrvde 184 

■■f r.u with a thickness of about 30 nm by conducting an R.F. 

so _:t r.er in g ;.: r : cess 
-. - z ■jiih;- fq-p -.air^.iv-af- ire r f 4 - ^ 0 . d cj r e ^ ■ '3 

In che oa-e one foregoing crystallization process of the 
seep 3 3 and one 

■.xi sizing st-p 3 4 of FIG. 3 3 are conducted in the form cf a 
single annealing 

seer in an ox id icing atmosphere at the temperatjre 
■\ xeeeding 400. degree. C, 

n the other hand, it was observed that there occurs a 
s lbs t ant La ^ -oxidation 

»t only m oho lower electrode 134 of Ru but also in the 
ti.N layer 18:- or the 

Ti layer 182 caused by the oxygen atoms diffused from the 
R3T film 135. 

Associated therewith, there tends to occur a formation of 
. ore g _ar cur Lac-; in 

these layers, and the Toll layer 18 3 may no longer function 

Mrrier. :'u; then, there may be caused a sh ort. -co rcui t 
between ohe upper 

t-l.ect rode 18*:- and the lower electrode 184. It should be 
t.Mted that the 

oxi 1at ion of trie Tin barrier layer 133 may cause the 
oroolem of poor conduction 

oetween the lower electrode 134 and the memory cell 
t. rans ist or . 

In the present, embodiment, the foregoing various 
problems are successfully 

avoided by conducting the crystallization process and the 
■: :*:.: 11 oi ng process 

separately, and by choosing the temperature of the 
oxi:l icing process so that 

there occurs no substantial, oxidation m the Ru lower 
ele.:trode 184, TiN 

barrier layer ±81' or the Ti layer l-j2. 

Referring to FIG. 39, the fabrication process starts 
v.. on the stet 31 in 

which the Ti adhesion layer 182, the TiN diffusion barrier 
layer 183 and the 

lower electrode 184 of Ru are deposited consecutively on 
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the Si substrate 181 

by a D.C. sputtering process conducted at the substrate 
temperature of 

?00 . ieg ree . C. with respective thicknesses of 20 nm, 50 nm 
and 500 nm. 

Furtrier, in tne step 32, tne BST film 185 is farmed on the 
r.u luwer electrode 

]:; with a tni:'<ness :>: about 3c nm by a R.F. sputtering 
process conducted at 

the substrate temperature of 4 00 . degree . 3. 

referring t :> FI3. 52, tr.e fabrication process starts 
with the step 41 in 

wr.vch tne Ti adhesion layer' 182, the TIN diffusion carrier 
lay* r 1:3 ana tne 

1 r ele-trode 1:4 o: R_. are deposited correctives/ on 
t r.e 3i s ibst r ate 1 3 1 

by a sputtering process conducted .at the substrate 
temperature of 3 CO. degree. 

C. witn respective thicknesses of 20 nm, 50 nm and 500 nm. 

Referring to FIG. 44, the fabrication process starts 
with the step 51 in 

wni.cn the lower elect rode 33 of the Pt /Ti structure i s 
f riiie :1 on tne 3 i 0 . s ub . - 

film 32 covering tne Si. substrate 31 under the condition of 
TAB!.?, VI . Furl her, 

tne PL2T film 34 is formed on the lower electrode 3 3 in the 
step- 52 under the 

condition represented _n TABLE S. 

Referring to FIG3. 4 6A and 4 03, it can be seen that the 
1 :»wer e 1 ectr ode 3 3 

of Flo. 4 6A contains a substantial amount of oxygen and Ti , 
while in the lower 

electrode 33 of Flo. 4 6B, the amount of oxygen 1 and Ti is 
reduced 

substantially. The result of FIGS. 46A and 403 suggests 
tr.at there occurred a 

substantial densif icat ion in the lower electrode 33 as a 
result of the first 

pnase thermal annealing of FIG. 45 which is conducted in 
tne inert atmosphere. 

In tne present embodiment, it should be noted that the 
ferroelectric film 

134 is no't limited to F'LZT but the ferroelectric film 134 
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may be formed of any 

ferroelectric or high-dielectric material having the 
perovskite structure. 

Further, the lower electrode is by no means limited to the 
Pt film (deposited on 

the Ti film but may be formed of a refractory metal such as 
Ru or Ir, or a 

conductive oxide such as RuO.sub.2 or IrO.sub.2. 
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